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Dear Sir or N^bdam: 

DECLARATION OF FRANK L. GRAHAM PhD. UNDER 37 CFR 1 132 

T Frank L. Graham, Ph D. hereby declare and say as follows: 

THAT, I was formerly employed, for a period of 27 years, as Professor in the Department 
of Biology and the Department of Pathology, McMastcr University, Hamilton, Ontario; 

THAT, I earned my Ph.D. in the Department of Medical Biophysics, at the Unrversity of 
Toronto, Toronto, Ontario, Canada in 1970; 

THAT, I am one of the above-named Applicants and inventors of the subject matter 
described and claimed in the above-identified patent application; 

TEIAT, I have studied the application Serial No. 09/909,414 and all office actions which 
have been issued during prosecution of this application, as well as all responses which ha^^ been 
filed on the Applicants behalf and being thus duly qualified declare as follows: 

Prior to the filing date of the parent (application serial number 09/263,650) of the present 
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Application No. 09/909,414 

continuation application. Serial No. 09/909,414, 1 bad conceived of using thcFLP/fit 
recombinase wizymc/target site as well as Cre/loxP, for the purpose of achieving site- 
spedfic recombination between two different nucleic add sequences being recombined t 
generate infectious adraoviral DNA. Application Serial No. 09/909,414 (as well as its 
parent) discloses such invention. For instance^ the specification of application Serial No. 
09/909,414 references the use of FLP on page 15, line 13, page 16, line 28, page 26, line 
13, page 27, line 17, and page 29, line 10. I fiirther note that on page 27, line 17, an 
article by O'Gonnan et al. (Sdence, 251:1351 (1991)) is incorporated by reference. This 
article illustrates the state of the art as to FLP and the fit target site. In my opinion, this 
information, by supplementing the teachings of the invention in the specification, assists 
one skilled in the art to practice the invention using FLP with fit target sites. A copy of 
the O'Gonnan et al. article is provided as an attachment to this declaration. 

Further, subsequent to having demonstrated that Cre/loxP fimctions to practice the 
invention disclosed in application Serial No. 09/909,414, with embodiments of such 
demonstration bdng provided in the specification of that application, I, with other 
researchers, conducted experiments to compare the use of FLP/frt with the use of 
Cre/loxP in the invention of application Serial No. 09/909,414. The following scientific 
article^ pubhshed after the filing date of parent application Serial No. 09/263,650, presents 
data fi'om those experiments: 

Yeast recombinase FLP fimctions effectively in human cells for construction of 
adenovirus vectors. 

Ng P, Cummings DT, Evdegb CM, Graham FL. 
Biotechniques, 2000 Sep;29(3):524-6, 528. (PMID: 10997266) 

A copy of this article is provided as an attachment to this declaration. 

Thus, having first conceived of use of Cre and similar site-specific recombinases for site- 
specific recombination to generate recombinant adenoviral vector constructs, as disclosed 
in the parent application and in the present continuation application, and having then 
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Application No. 091/909.414 

demonstrated that this invention works by conducting experiments with the CrcnoxP 
reconibinase/taiget site combination, and having included in the spedficaiion the 
conception and disclosure that like recombinases, in particular FLP (and its target site, fit) 
are substinrtable in place of Cre/loxP for such purpose, it is my opinion that one skilled in 
the relevant art, where the level of skill is high, would have been able to practice the 
invention using FLP/fit without undue experimentation. This is corroborated by the 
results of the above-noted Ng et al. research artide, which demonstrated that, consistent 
with an expectation based on their similarities, FLP/fit works as well as Cre/loxP in the 
invention. 

The undersigned declares fiirther that all statements made herein of his own 
knowledge are true aiui that all statements made on information and beUef are befieved to be 
true; and fiirthw that these statements were made with the knowledge that willM felse 
statements in the like so made are punishable by fine or imprisonment, or both, under section 
1001 of tiae 18 of the U.S.C. and that such will&l felse statements made jeopardize the 
validly of the ^plication or of any patent issmng Aoeon. 

Further dedarant sayeth naug^. 
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Yeast Recombinase FLP 
Functions Effectively in 
Human Cells for 
Construction of 
Adenovirus Vectors 

BioTechrdques 29:524-528 {SepUmbe-r 2000) 

ABSTRACT 

Wii have recently developed a high-effi- 
ciency metliod of constructing aderurvims 
vectors based on Cre-mediaied recombina- 
Hon between two piasmids co-transfected 
into 293 cells. The simplicity and efficiency 
of this method should greatly expedite the 
construction of most recombinant vectors. 
However, this systtm would not be suitable 
for constructing vectors bearing lo;tP sites 
elsewhere in the genome because of unde- 
sirable Cre-mediaied vector rearrange- 
ments. To address this, we have developed a 
similar system using FLP-mediated siie- 
specific recombinarion for the construction 
of adenovirus vectors. 

nmioDUCTioN 

Adenoviruses (Ads) are cxcelJenl 
mammaliao gene transfer vectors be- 
cause of their stability, their ability to 
efficiently infect a wide variety of qui- 
escent and proliferating cell types from 
various species to direct high-level viral 
gene expression, the relative ease with 
which their 36-kb dsDNA genome can 
be manipulated by molecular biology 
techniques and the ease by which they 
can be propagated and purified to high 
titers. Consequently, Ads arc extensive- 
ly used as vectors for recombinant vac- 
cines, high-level protein production in 
cuUarcd cells and gene therapy 
(2.8.10,12). 

A popular method for constnieling 
Ad vectors relics on homologous re- 
combination between two piasmids co- 
transfectcd into 293 cells (3). Tn this 
method, foreign DNA is inserted into a 
small shuttle plasmid that contains the 
left end of the Ad genome including the 
inverted terminal repeat (liR), the 
packaging signal and a muldple cloning 
region in place of El for foreign DNA 
insertion. The second plasmid contains 
the entire Ad genome modified to be 



noninfectious. Foreign DNA is rescued 
into recombinant viruses by in vivo ho- 
mologous recombinadon between over- 
lapping Ad sequences following co- 
transfection of 293 cells. This method 
offers several advantages over others 
for its simplicity, but the efi&ciency of 
vector rescue is low because of inefiB- 
cienl homologous recombination. 

Wc recendy improved the efficiency 
of the iwo-plasmid rescue method 10()- 
fold over the original approach by in- 
serting a /oxP site into the piasmids and 
substituting Cre^mediated for homolo- 
gous recombination and by replacing 
the single ITR in the shutQe piasmids 
with an ITR junction (13,14). The sim- 
plicity, efficiency and reliability of this 
method make it ideal for the routine 
construction of most Ad vectors. How- 
ever, this method is incompatible widi 
ihe consirtiction of vectors that have 
loxV sites elsewhCTe in the genome do- 
signed, for example, to regulate trans- 
gene expression (1.4,7) or to inhibit 
vector packagability (15). 

We addressed this limitation by de- 
veloping a Iwoplasmid rescue method 
based on FLP-mediaied site-specific re- 
combination and compared it with the 
(Zrc/ZoxP system. FLP-mediated recom- 
binadon can now be used as an alterna- 
tive to Cre-mediated recombination 
when the laner is unsuitable or undesir* 
able for vector construction. 



MATERIALS AND METHODS 

The piasmids used in these studies 
were constructed by standard protocols, 
prepared by the aUcaline lysis method 
(5) and purified by CsCl- density gradi- 
ent ccntrifugauon. The FLP expression 
cassette in pBHGfrtAEl,3FLP was a 
generous gift from Volker Sandig, Mer- 
ck Research Laboratories (West Point, 
PA, USA). Propagation of 293 cells (9) 
and co-transfections were performed as 
desoribed (11). P-galactosidase expres- 
sion from viral or mock-infected cells 
was detennined by X-Gal staining as 
described (13). 

RESULTS AND DISCUSSION 

We recently described a simple and 
efficient method of constructing Ad 



vectors based on Cre-mbdiaied site- 
specific recombination between two 
piasmids co-transfecied into 293 cells 
(13.14). Since the use of Cre recombi- 
nase may not always be desirabl . we 
developed an alternative method based 
on site-specific recombinadon between 
frt sites catalyzed by FLPirecombinase 
(6) and compared the rwo systems by 
rescuing vectors expressing P-galac- 
tosidase (Figure 1). 

The shutde piasmids used in 
diis study, pCA351oxAlTR and pCA35- 
frtAlTR, arc shown in Figure 2. Essen- 
tial features include an ITR junction, a 
packaging signal and a LacZ expression 
casseiUi, followed by a /<?jcP site in 
pCA351oxArrR or an frt site in 
pCA35fiiArrR. The Ad genomic pias- 
mids used in diis study, pBHGloxAEi, 
3Cre and pBHGfilAEI.3FLP, have a 
deletion of the El region including the 
packaging signal, rendering them non- 
infectious (Figure 2). A loxY or an fit 
site has been inserted near the 5' end of 
the pDC gene of pBHGlox!^El,3Cre and 
pBHGfttAEl 3FLP, respectively, to per- 
mit sitc-speclfie recombination with the 
appropriate shutUe plasmid. The Cre or 
FLP expression cassette has been insert- 
ed in pBHGloxAEl,3Crc and pBHG- 
fiftAEl,3FLP, respectively, to provide 
transient recombinase expression and 
induce site-specific recombination fol- 
lovfcing co-iransfection of any Ad5 EJ- 
complcmenting cell line. The recombi- 
nase expression casseues:were inserted 
into the Ad genonuc plasmid so that 
they are not rescued into the recombi- 
nant vector following site-specific re- 
combination (Figure 1) (l!4). 

To compare the efficiencies of CtC- 
versus FLP-mediaied vector 293 cells 
were co-transfccicd with- the appropri- 
ate combination of piasmids, and the 
numbers of plaques generated were 
counted (Table I). As spcn from our 
previous study (13,14), hSgh*cfficiency 
vector rescue was achieved by Crtsme- 
diated recombination following co- 
iransfection of 293 cells with pCA35- 
loxAJTR and pBHGloxAEl,3Cre as 
evident by the large numbers of plaques 
generated (Table 1). Similar numbers 
of plaques were obtained! following co- 
transfections with pCA3^ftiAITR and 
pBHGfttAEl ,3FLP, indicating tisai the 
efficiencies of Cre- and FLP-mediated 
vector rescue were comparable. We 
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Table 1. Vector Rescue Efficicnty by Cry- versnx fXP^Mcdiatcd Recomhimiion" 

Plaques/dish 

Shuttle Ad genomic (Average/dish) 

pidsmid plasmid Experiment 1 Experiment 2 



pCA35l0XAlTfl pBHGIoxAEI ,3Cre 59. 45. 45 (50) 52, 57, 31 , 42 (45,5) 
pCA35frtAlTR pBHGfrtAEI .3FLP 45, 41 , 44. 45 (44) 39, 40. 31 , 44 (38.5) 

aeo-mm dishes of 293 celts were co-transfected with 2 fig each plasmid, and 
plaques were counted 1 0 days after co-transfection. 



previously sbowed that all analyzed 
plaques dial were generated by Qc-me- 
diated recombinaLion had the coirecl 
DNA stniciure and expressed ihe for- 
dgD transgcne (J 3. 14). lb dclcnnmc if 
diis was also the case for FLP-mediated 
vector rescue, 21 plaques were isolated 
for analysis. All plaques bad the expect- 
ed DNA structure as determined re- 
striction enzyme analysis of die vector 
DNA, and aU v/cre positive for 3-galac- 



tosidase expression (data not shown). 

Construction of Ad veciors by these 
approaches offers several advantages 
over other methods, (i) The jncOiod re- 
quires only two steps — ^insertion of the 
foreign DNA into a small (3-4 kb) 
shuttle plasmid, followed by co-uans- 
fection of 293 cells wiih an Ad genom- 
ic plasmid. (ii) Only plasmid DNA are 
required as substrates that can be prop- 
agated In any routinely used K coli 



strain, (Hi) Unlike other methods ihat 
require lincarizauoD of plasmid DNA 
before transfecdoa, nciiher the shuttle 
plasmid nor the genomic plasmid re- 
quires restriction endonuclease diges- 
tion. This is especially imfwxtant if ihe 
restriction enzyme site uspd to release 
the Ad genome is also present in d^e 
foreign DNA, thus renilcring these 
mediods unsuitable, (iv) Many plaques, 
which start lo appear as early as five 
days after co-cransfecdon, are obtained 
to virtually guarantee successful vector 
rescue, (v) All plaques have the expect- 
ed DNA structure and express the for- 
eign transgene. 

We have now constructed a variety 
of shutde plasmids to permit cloning of 
virtually any foreign DNA up to about 
8 kb for Ad vector construciion by eir 
tber Cre- or FLP-mediat^ recombina- 
tion. These shuttle plasmids and die Ad 
genomic pla-smids used in these studies 
can be obtained from MiQrobix Biosys- 
lems (www.microbix.cam). We and 
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Figure 1. CoiulructiOD or Ad veciors by Crt- or FLP-taedlated sifce-Kpedflc recombination 
f6)low{fiit co-transfeciioa of 293 cells with Ad genomic plasmSd (pBHploxAEi^Crc or 
pBHGfrtAEl^FLP) and xhuuJe plasmid (pCA35l<ixAlTR or pCA36fjrtAITR). Ad ind bacienal 
plasmid sequences art: represented by ihick tnd thin lines, respectively, 9nd /oxP Or fn sfics 
sentcd by onowhcad. Lox? and fin are the mgct %iKs for Cre and FLP Tecoinbij>i9c, respecuvely 
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Others ai McMasler University have 
now rescued 3 wide variety of expres- 
sion cassenes into Ad vectors by these 
methods with efficiencies comparable 
to those reported here for the LacZ cas- 
sette. The possibility of choosing be- 
tween two different rccombinases, both 
f imciiouing with high efficiency, allows 
maximum flexibility in die design of 
recombinant Ad vectors. 
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Figure 2. Plasmtds micd to rescue Ad vectors e3ipres.^ne ^-galactosldase. The Rhutdc plasmids 
pCA35k>xArrR and pCASSfirtATTR CODiaIn an ITR junction, a packaging signal (y), a LacZ expression 
CASScnc and a /oxP site in the former and an fti xitc in the laiier. The noninfecdous Ad genomic plasmid 
pBHCloxAEl .3Cre (14) contains the entire Ad5 genome except for deletions of £1 induding y and E3, 
iL loxP site 5' of the plX gene and a Cre exprcs.sion casselie in place of £1. The plasmid 
pBHGfrt^EJ >3FLP is ideniical to pBHGloxAEUCre cxcqst for rephccment of the /oxP with an lit' site 
and the Cre with the FLP expression cassette. Thick and thin lines represent Ad and bacteria) plasinid se- 
quences, respectively. Arrowheud repfC-^te loxP or fri sites, and .'tmall black arrows represent ITRs. 



528 BioTcchniquey 



Vol: 29, No. 3 (2000) 



:i:n z\vo ?roxanihclIa RFLPs: die group C Rf LP 
p!ui a uitiquc RFLP generated by one nucleotide 
subsciruDon that creates a Taq I site in the larger of 
the two RFLP C fragments {U). These tu-o RFLPs 
cither represent two distina algae or a pohTnor- 
phism u-ithin the muiticop)' ssRNA genes of one 
a!ga. Some other digests contain extra fragments 
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Recombinase-Mediated Gene Activation and 
Site-Specific Integration in Mammalian Cells 

Step hen O'Gorman/ Daniel T. Fox, Geoffrjey M. Wahl 

A binary system for gene activation and site-specific integration, based on the 
conditional recombination of transfected sequences mediated by the FLP recombinase 
ax>m yeast, was implemented in mammalian cells. In several cell lines, FLP rapidly and 
precisely recombined copies of its specific target sequence to activate an otherwise 
silent P-galactosidase reporter gene. Clones of marked cells were generated by 
exdsional recombination within a chromosomally integrated copy of the silent 
reporter. By the reverse reaction, integration of transfected DNA was targeted to a 
specific chromosomal site. The results suggest that FLP could be used to mosaically 
activate or inactivate transgcncs for analysis of vertebrate development, and to 
effidendy integrate transfected DNA at predetermined chromosomal locations. 



RECENT ANALYSES OF MAMMALIAN 
development have made use of 
transfected genes to alter cell inter- 
actions and trace cell lineages. This inherent- 
ly powerful approach could be applied to 
investigate a broader range of developmen- 
tal processes if it was possible to rcstria 
transgene expression to specific subsets of 
the cells, tissues, or developmental stages in 
which the cis-acting sequences that typically 
control expression are active. Such mosaic 
expression is essential for many forms of 
lineage analyses and would additionally pro- 
vide a means to assess the effects of trans- 
genes that grossly alter development in small 
patches of tissue within an otherwise normal 
embryo. Toward this end, wc have charac- 
terized a conditional recombination system 
based on the site-specific recombinase, 
termed FLP (/), from Saccharomyces cerevi- 
siat. In this S)*stcm, gene activation requires 
prior FLP-mediated excisional rccombina- 
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tion, and expression therefore falls under the 
binary control of the transgene's outi cis- 
acting sequences and those that dirca FLP 
expression. Reversal of this excisional re- 
combination, under different experimental 
conditions, provides a means for introduc- 
ing DNA into specific sites in mammalian 
chromosomes. 



A cotransfecrion assay was used to char- 
aaerizc FLP-mcdiatcd recombination of cx- 
trachromosomal DNA in a variety of cell 
lines. Cells were transfcaed >\ith an expres- 
sion construa and a "reporter" plasmid that 
was a substrate for the recombinase. The 
actixity of the expression construa was as- 
sayed cither by recovering the transfeaed 
reporter and looking for molecular evidence 
of recombination or by preparing qtoplas- 
mic extracts to measure p-galaaosidasc ac- 
tivity' generated by precisely recombined re- 
porter molecules. 

The pNEOpGAL reporter plasmid used 
in these assays was derived from 
pFRTpGAL (Fig. lA). pFRTpGAL con- 
tains the baaerial p-galaaosidase coding 
sequence, which has been modified by inser- 
tion of an FLP recombination target site 
(FRT) immediately 3' to the translational 
start (2). The FRT consisted of the two 
inverted 13-base pair (bp) repeats and 8-bp 
spacer that comprise the minimal FLP target 
(3, 4) plus an additional 13-bp repeat that 
may augment reactivity of the minimal sub- 



Table 1. p-Galaaosidasc activities in cotransfcction assays of 293, CV-1, and F9 cells. Positive 
control transfcctions (pFRTpGAL) included 1 jtg of pFRTpGAL and 18 ^lg of the pOG28 {6) 
non-FLP control plasmid. Negative control transfcctions (pNEOpGAL) included 1 ^lg of 
pNEOpGAL and 18 jig of pOG28. Experimental transfcctions (pNEOpGAL + FLP) contained I 
Jig of pNEOpGAL and 18 ng of the pOG44 FLP expression plasmid (Fig. lA). The pNEOpGAL 
+ FLP values arc also shov^'n as a percentage of the pFRTpGAL positive control values. Each value 
represents the mean and SEM of six plates from two experiments. Neither pOG28 nor pOG44 
generated p-galaaosidasc acti\ity when transfected alone (5). Transfcctions and assays were 
performed as described in the legend to Fig. 1. All transfcctions contained 1 jig of pRSVL to 
correa p-galaaosidasc activities for relative transfcction efficiencies. 







p-Galaaosidasc actiWty (units/mg protein) 


CcUlinc 


pFRTpGAL 


pNEOpGAL 


pNEOpGAL 
+ FLP 


pNEOpGAL + FLP 
pFRTpGAL 


293 

CV-1 

F9 


30.4 ± 1.9 
275 ± 25 
24.8 ± 4.3 


0.17 ±0.02 
0.33 ± 0.06 
0.04 ± 0,01 


14.2 ± 2.2 
22.6 ± 1.2 
1.88 ± 0.02 


47 
8 

8 > . 
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stratc (4). The insertion preserved the p-ga- 
laaosidase transhdonal reading frame and 
pFRT^GAL generated robust activity in 
mammalian cells (Table 1). pNEOpGAL 
was constructed by cutting pFRTpGAL 
within the FRT with Xba I and then insert- 
ing an Xba I fragment that consisted of two 
haif-FRT sites flanking a neomycin tran- 
scription unit (2). This created intaa FRTs 
on each side of die neomycin cassette and 
rendered the p-galaaosidase transcription 
unit inactive (Table 1). Because the two 
FRT sites in pNEOpGAL are tandcmly 
arrayed, precise FLP-mediated recombina- 
tion of the FRTs would be cxpeacd to 
excise the neomycin cassette, re-create the 
parental pFRTpCAL piasmid, and restore 
P-galaaosidase expression. 

Cotransfcction of cells with a fixed 
amount of pNEOpGAL and increasing 
amounts of an FLP expression veaor 
(pOG44) generated increasing amounts of 
rccombined reporter plaismid and p-galacto- 
sidasc activity. Molecular evidence for FLP- 
mediated recombination was obtained by 
recovering plasmids 36 hours after transfcc- 
rion, followed by restriction endonucleasc 
treatment and Southern (DNA) blotting 
(Fig. IB). Lysates of cells from cotransfcc- 
tions tfiat included pOG44 showed a signal 
at 5.6 kb, which corresponds to the size of 
rccombined reporter (equivalent to 
pFRTpGAL), and a 3.2-kb signal diat was 
generated by unrecombined pNEOpGAL 



Fig. 2. Histochcmical demonstra- 
tion of p-ga!aaosidasc activity in 
ccU lines with a singjc integrated 
copy of pNEOpCAL after transfcc- 
rion with the pOG44 FLP expres- 
sion plasmid. (A) CVNEOpGAL/ 
E26 cells 48 hours after transfcction, 
Cdls that express p-galactosidasc con- 
tain a blue reaction product. (B) 
Border between positive and n<^- 
rive cobnics of CVNEOpGAL/E25 
cells 2 weeks after transfcction. (C) 
The B2 subclone of CVNEOpGAL/ 
E25 after 8 weeks of culnue. (D) A 
mixed cokmy of CVNEOpGAL/ 
E25 ccUs 1 week after transfecdon 
showingborfi positive and negative 
cells CVNEOpGADE cells growing under G4i8 selection were transfened to nonselective medium and 
"^.^1 P*^^ ^ described in the legend to Fig L Cells were histochcmicaiiv 

processed (26) cither with (A and D) or without (B and C) prior lesuspcnsion 



receptor (Fig. lA). The 5.6-kb band inten- 
sity was proportional to the amount of FLP 
expression plasmid included in the transfcc- 
tion, and this band was not seen in cotrans- 
fecrions in which a non-FLP plasmid was 
substituted for the FLP expression veaor 
(Fig. IB) or in transfections that only con- 
tained pOG44 (5). The pOG44 veaor gen- 
erated additional signals at 2.2 and 2.8 kb 
because it contained sequences homologous 
to the probe (^. In the same samples, 
3-galaaosidase activity was also proportion- 
al to the amount of FLP expression plasmid 
included (Fig. IC). Only background activ- 
ities were observed in cotransfections that 
included a non-FLP control plasmid (Tabic 



pFRTBGAL 
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0.2 
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Fig. 1. Cotransfcction assay for 
FLP-mediated recombination of 
cxtrachromosomal DNA (A) 
pFRTpGAL, pNEOpCAL, and 
the pOG44 FLP expression vector 
(6). Half-arrows, positions of FRT 
sites; E and S, Eco RI and Sea 
I restriction sites; respectively; 
Psv, cariy promoter from SV40; 
BETA-GAL, P gaiaaosidase cod- 
ing sequence; NEO, neomycin 
expression cassette; Pcmv, cytome- 
galovirus immediate-carlv promot- 
er; IN, intron; FLP, FLP coding 
sequence; AN, SV40 adcnylation 
cassette. Thin lines represent vcrtor 
sequences; thick lines in the 
pOG44 diagram represent se- 
quences homologous to the probe. 
Sizes of restriction fragments arc 
indicatcdin kilobasc pairs (kb). (B) 
Southern blotof Hin ly«te^ (2/) prepared from 293 (human embryonic kidney) (22) cells transfcctcd 
with 1 ^Lg of pNEOpGAL and vary ing amounts of pOG44. A non-FLP control plasmid (pOG28) i6) 
was included as needed to keep the total amoum of plasmid and Pcmv constant. Sizes of fraKmcms 
(kilobasc pairs) are shown at right. Lysarcs were digested with Eco RI and Sea 1, and Southern blots 
were probed with a 3-galactosidase probe (Fig. lA). The idcnritics of the hybridizing bands were 
confirmed with additional digests and probes. (C) p-Galactosidasc aaivitics in the same transfections 
shown in (B). Subconfluent culnircs of cells growing in Dulbccco's minimum essential medium and 5% 
calf semm m 10-cm dishes were transfcctcd by overnight exposure to calcium phosphate precipitates 
(23) and then divided into four lots. After 24 hours of incubation, one plate of each n-ansfcction was 
harvested by Hirr exn^cnon (2/), and a second plate was used to prepare cytoplasmic extracts (24) 
Approximately 5% of the DNA recovered from single plates was used for Southern analvscs 
P-Galactos.dase assays were performed as described (25). Lucifcrasc actix irics generated bv the inclusio.i 
ot I Jig ot pRSV L (2-^) in all rranstccrions wore -jscd ro corrca ^--alaaosidasc activities \hx rci.:tr.o 
n-ansteciion ctfiocncjcs. The oxiXTtmcnr was rcjx-atcd rwicc A-.th snriila:' r-jsulrs. 
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1) or when pOG44 alone was transfeacd 
(5). The experiment thus provides borfi mo- 
lecular and biochemical evidence for precise 
FLP-mediated recombination. 

This paradigm was used to demonstrate 
FLP activity in monkey kidney (CV-1) and 
mouse embryonal carcinoma (F9) cells. In 
Table 1, the p-galaaosidase activities in the 
"pFRTpGAL" transfeaions represent an cs- 
timare of the expression expeacd if all the 
pNEOpGAL in a cotransfcction immediate- 
ly underwent recombination. The highest 
relative expression in pNEOpCAL plus 
pOG44 cotransfections, 47%, occurred in 
293 cells; this is a high level of activity 
considering that p-galaaosidase expression 
required prior FLP expression and recombi- 
nation of pNEOpGAL. Cotransfections of 
CV-1 and F9 cells generated 8% of the 
activity seen in die pFRTpGAL transfec- 
tions. Even this lower relative activity clearly 
marked cotransfeaed cells in histochcmical 
reaaions for p-galaaosidasc activity (5). 

For this method of gene activation to be 
useful in transgenic mice, FLP would need to 
routinely mediate recombination of FRTs 
integrated at a single site in the mammalian 
genome. Cell lines that contained single inte- 
grated copies of pNEOpGAL (designated 
CVNEOpGAL/E) were isolated by transfcct- 
ing CV-1 cells with linearized plasmids bv 
electroporarion, selecting G4i8-rcsistant 
(G418^) transfectants that stably expressed 
the neomycin casseae, and identifying single 
copy lines by Southern blot analyses (5) (Fig. 
3). As pro'iously shown for otlicr integrated 
constructs with similarly short dirca repeats 
(7), the chromosomal FRTs did not sponta- 
neously recombine to produce a p-galaao- 
sidase-positive (PGAL^) phcnot\^pe at de- 
tcaable frequencies (Table 2). 

Transient expression of FLP in the 
CVNEOpGAL/E lines promoted a rapid 
conversion to a pCAL^ phcnonpe. When 
H\c d'itkTei"ft cell Wncs were rninsfccrcJ u irh 



Table 2. p-Galactosidasc phcnon'pcs of C\'NE03GAL/E cell lines (which coiuain a single inactive 
copy of ihc pNEOpG.\L reporter) after rransfcciion with HLP expression (pOG44). non-HI-P 
negative control (pOG28), or p- galaaosidasc positive control (pFRTpGAL) plasniids. The 
pFRTpGAL transfcaions included I M-g of pERT^GAL and 19 jig of pOG44; other mixes 
contained 20 Mg of the indicated plasmid. p-Galaaosidasc aaivities arc mean values for triplicate 
iransfccrions performed as described in thc legend to Fig. 1 and assayed 36 hours after removal of 
precipitates; SEM values for thc pOG44 transfcaions were less than 10% of thc means. The p- 
galaaosidasc phenoiype of cells was determined by scoring more than 10^ cells after transfccrion 
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ND 
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•No positi\x cells were detected among >10* ccUs examined. ND, not detcnnined. 



hours were 40 to 100 times as high as those 
seen in replicate plates transfcacd with a 
non-FLP plasmid (Table 2). At 48 hours 
after transfccrion, histochcmical processing 
showed many pGAL^ cells (Table 2 and 
Fig. 2A). To provide some estimate of thc 
efficiency of recombination, we prepared an 
additional set of replicate plates that were 
transfeaed with pFRTpGAL. A compari- 
son of die fractions of pGAL* cells in thc 
pFRTpGAL and in the pOG44 transfcc- 
rions suggests, assuming similar transfcction 
efficiencies, that most of the cells (70 to 
80%) transfccted with pOG44 were con- 
verted to a pGAL'' phenot>pc (Table 2). 
The comparison undoubtedly underesti- 
mates the efficiency of FLP-mediated exci- 
sion because many copies of a functional 
p-galactosidase gene were a\'ailable for im- 
mediate transcription in the positive con- 
trols, whereas recombination may have oc- 



Flg. 3. Anal)'sis of genomic DNA from 
a cell line with a single integrated copy 
of pNEOpGAL (CVNEOPGAL/E25 
or E2S), two derivative pGAL'^ sub- 
clones (E25B1, E25B2), and t^^'0 sub- 
dones derived from E25B2 after 
cotransfecrion with pOG45 and 
pOG44 (B2N1, B2N2). (A) Top, pat- 
tern of plasmid integration in E25 de- 
duced from Southem blot analysis; 
middle, predicted pattern for pGAL" 
subclones of E25 if precise recombina- 
tion across the FRTs occurred; bot- 
tom, predicted pattern for pGAL* 
G4i8*^ subclones of E25B2 after FLP- 
mediated insertion of pOG45. Abbrc- 
vianons and symbols as in Fig. lA; 
except here P denotes the SV40 early 
promoter; p-GAL, p-galaaosidose 
coding sequence; thin lines represent 



curred only shordy before harvest in some 
pOG44-transfcacd cells; in these cases, thc 
single rccombincd reporter gene may not 
have generated enough p-galaaosidase by 
the time of harvest to render thc cells posi- 
tive in thc assay. 

The pGAL^ phenotjpc was passed on to 
all desccndents of many FLP-convcrtcd 
cells. Positive colonies were formed when 
transfeaed cells were plated at low densities 
(Fig. 2B), and p-galaaosidasc expression 
persisted during prolonged expansion of 
individual colonies (Fig. 2C). Entirely neg- 
ative colonics (Fig. 2B) and mixed colonics 
(Fig. 2D) were also observed. Mbccd colo- 
nics would be expeacd if recombination 
occurred after mitosis in only one descen- 
dant of a transfcacd cell, or if rccombincd 
and unrccombincd cells mixed at rcplating 
or during subsequent growth. Indeed, the 
physical segregation of phenotypcs evident 
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genomic DNA; and p6G45 sequences arc indicated by eross-hatching. The sizes of hybridizing 
fragments arc given in kilobasc pairs. (B) Southem blot of Eco Rl-digcstcd genomic DNA from thc 
E25 parental line, thc E25BI and E25B2 subclones, and die B2N1 and B2N2 subclones of E25B2. The 
sizes of hybridizing fragments (kilobasc pairs) arc indicated at the left. The pattern prcdiaed for precise 
FLP-mediatod nxombination was observed in all derived subclones (Fig. 3A). The probe was random-prinKd 
pNEOpGAL (Fig. 1 A). Thc identities of thc bands were confinned with additional digests and probes. 
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in most mixed colonics suggested that they 
wcfc composed of stabh' ix)sitivc and nega- 
tive lineages (Fig. 2D). 

The correlation between p-galaaosidasc 
expression and recombination at FRT sites 
was examined by comparing thc structure of 
the integrated pNEOpGAL sequences in 
tu'o pGAL"^ subclones to the parental line. 
CVNEOPGAL/E25 (E25) cells (10*) were 
transfeaed with pOG44 and subcloned 12 
hours after removal of the precipitate. After 
histochcmical screening, two pGAL* sub- 
clones (E25B1 and E25B2) were expanded 
for further analysis. In Southem blots of 
genomic DNA from both subclones, the 
■pattern of hybridization matched that ex- 
peacd for FLP-mediated recombination of 
thc FRT sites in thc parental line (Fig. 3). In 
Eco RJ digests, thc 3,2-kb fi^gmcnt of E25 
. was lost and 2,0 kb of DNA were added to 
an 8.5-kb junctional fragment to create a 
10.5-kb jimctional fragment in thc derived 
lines. Thc other (3.7-kb) junctional frag- 
ment and the internal 2.0-kb fragment were 
unchanged. Although recombination prod- 
ucts have not been recovered and sequenced, 
these Southem analyses and the fea diat 
activation of p-galaaosidasc expression re- 
quired creation of functional translational 
reading fiame suggest that the preponder- 
ance of FLP-mediated recombination was 
precise. 

Re\'ersal of this excisional recombination 
could in principle be used to targa the 
integration of transfeaed plasmids contain- 
ing an FRT to specific genomic sites. To 
compare the frequenc}' of such sitc-spedfic 
integration to the frequency of integration 
at random sites, we cotransfeacd G418- 
scnsitive, pCAL'" E25B2 cells with pOG44 
and a plasmid, pOG45, that contained a 
neomycin resistance gene expression cassette 
and a single FRT (8), We expeacd that 
G418^ colonics formed after site-specific 
integration of pOG45 would be p-galaao- 
sidase-negative (PGAL~), whereas those 
formed by random integration would be 
PGAL"^. G418^ subclones (designated 
B2N) were histochemically stained and 
more than half were found to be either 
entirely pGAL", or predominandy pGAL" 
with a few dusten of pGAL* cells (Tabic 
3). The remaining colonics were pGAL"*^. 
With continued passage as dispersed mono- 
layers, die fraction of pGAL* cells in the 
mixed lines rapidly diminished. Thc possi- 
bility that they , were G418-scnsitivc cells 
that initially survived because of their prox- 
imity to resistant cells was confirmed by 
rcconsritution experiments (5). All of thc 
colonies formed after paralld cotransfcc- 
tions of pOG44 and control plasmids con- 
taining the same neomycin cassette but lack- 
ing an FRT were pGAL* (Table 3). 
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The fidelity with which loss of ^-ga!aao- 
sidase activity was caused by the cxpeaed 
recombination of chromosomal and plasmid 
FRTs, resulting in the integration of a single 
unrcarranged copy of pOG45 within the 
p-galactosidasc sequence of the E25B2 line, 
was examined by Siuthcm analyses. Because 
the FRT and neomycin cassette of pOG45 
were derived from the neomycin cassette 
and 3' FRT of pNEOpGAL (Fig. lA) {8), 
recombination of die plasmid FRT with the 
E25B2 chromosomal FRT would be cxpea- 
ed to regenerate die 3.2-kb Eco RI fragment 
of the original E25 parent. Additionally, the 
8.5-kb junctional fragment of E25 would be 
expeacd to shift to 12.0 kb because pOG45 
is 3.5 kb larger than the neomycin cassette of 
pNEOpGAL. FinaUy, die 3.7-kb junaional 
fragment and the 2.0-kb internal fragment 
of the E2S and E25B lines would be expca- 
ed to be unchanged in the B2N lines. These 
predictions were met in each of the eight 
PGAL" or mosaic B2N lines analyzed, as 
shown for two lines in Fig. 3B. In contrast, 
each of the four pGAL"^ colonies examined 
by Soudiem analyses had integrated pOG45 
at a random genomic site (5). 

Our data show that FLP-mcdiated recom- 
bination can target the integration of crans- 
feaed DNA to a specific chromosomal site 
at frequencies that exceed those of random 
integration, and that the event can be 
maritcd by an alteration in gene activity at 
die target site. The efiicicncy of targeted 
integration could potentially be increased bv 
using ratios of die integrating and FLP 
expression veaors different from diose used 
here, or by using FRT mutations in the 
plasmid and chromosomal sites to decrease 
the frequency at which successfriily integrat- 
ed plasmids are subsequcndy excised (9). 
The 3-galaaosidase-maridng paradigm 
could be combined with a promoter-trap 
strategy, similar to that used to demonstrate 
site-specific integration mediated by the Cre 
recombinase (10). This would grcady in- 
crease the relative frequency of site-specific 
events. 

Pre\nous descriptions of recombinase- me- 
diated rearrangement of chromosomal se- 
quences in Drosophila (11) and mammalian 
cells (12) have not direcdy addressed the 
question of whether site-specific rccombi- 
nases could routinely create a flincrional 
translational reading frame, as we have now 
shown. Moreover, die efficiency of di is FLP- 
bascd system appears to be much higher 
than that reported in the only other descrip- 
tion of site-specific recombination of chro- 
mosomal sequences in mammalian cells 
(/2). Transient expression of the Cre recom- 
binase in mouse L ceils was shown ro cfFca 
a 25-fold increase- in ibc incidence of a 
selectable phcnor\'pe dut required rear- 



TabI ^3. Numbers of G418'^ colonics widi 
PGAL* and pGAL" phcnotyfxrs formed after 
transfcction of E25B2 cells with plasmids diat 
contained a neomycin resistance gene and that 
additionally cirficr did (+FRT) or did not 
(-FRT) contain an FRT. AiJ transfcctions also 
included an FLP expression vcaor. Colonics 
were scored as pGAL" if dic>' were completely 
or prcdominandy pGAL", pGAL* colonics 
were always entirely positive. In one experiment 
(Exp 1), 10* cells were transfcacd by 
clcctroporation in 0.8 ml of phosphate-buffered 
saline containing 39 fig of pOG44 and 1 ^g of 
eidicr pOG45 (+FRT) or pMClneo (27) 
(-FRT). In a second experiment (Exp 2), 10* 
cells were transfcacd by overnight exposure to 
calcium phosphate precipitates containing 19 jig 
of pOG44 and 1 jjLg of cither pOG45 ( + FRT) 
or pOG45A («) (-FRT) as described in die 
legend ro Fig. 1. Colonics were scored by 
histochemical assay {26) after 14 to 18 days of 
growth in the presence of G418. 





Number of G418*^ colonies 




+FRT -FRT 




pGAL* PGAL- pGAL-^ pGAL" 


Exp 1 
Exp 2 


30 46 23 0 
24 58 32 0 



rangement of chromosomally integrated Cre 
targets. The much greater signal-to-noise 
ratio seen in our FLP system (>10*) is in 
part due to the low rate at which integrated 
copies of pFRTpGAL spontaneously re- 
combine, and may additionally reflea difier- 
cnces inherent to the rccombinases or differ- 
ences in the veaors used for their 
expression. Construction of pOG44 was 
guided by reports that n-anscript splicing can 
enhance or diminish expression. An intron 
was inserted within the untranslated leader 
to increase expression (13) and care was 
taken to eliminate cryptic splice acceptor 
sites (14) that are found immediately 3' to 
the native FLP structural sequence ( 15). The 
latter could inactivate transcripts by inap- 
propriately splicing to cryptic donor sites in 
the FLP structural sequence (16). 

Earlier FLP constructs containing the 
structural sequence and 3' flanking se- 
quences in pSV2 (/7) or pCDMS (18) 
veaors were inaaive in some cell lines and 
considerably less aaive than pOG44 in oth- 
ers (5), Surprisingly, xhdr acrivit\% but not 
diat of pOG44, increased r^vo to dvc times 
after heat shock at 45°C (5). As a possible 
explanation for this augmented expression, 
wc propose that the accumulation of un- 
spliced transcripts in mammalian cells after 
heat shock (19) would transicndy decrease 
inappropriate splicing and increase the num- 
ber of functional FLP transcripts, an effea 
that may ha\'e contributed to the robust heat 
shock-induced expression of FLP seen in 
Drosoplnti} ill, 20). 



FLP-mediated recombination of marker ^ 
genes has the potential to provide the basis 
for new forms of lineage analysis in a variety % 
of organisms. An initial step in this direction | 
was described in a recent report: heat shock- \ 
induced expression of FLP was used to iL^ 
excise, and thereby inactivate expression of, 
a transfeaed pigmentation marker in order 
to delineate retinal clones in Drosophila (11), 
The utility of such loss-of-funaion marking ^ 
paradigms, however, is limited to tissues and 
organisms for which both a positive genetic ^ 
marker and a negative genetic background ^ 
are available. The approach additionally re- ] 
quires that the marker gene be present in a 
single copy so that individual recombination 
events reverse cellular phenotype. These 
conditions are only exceptionally met in 
Drosophila and would be more rarely met in 
mice. In contrast, the gain of function P-ga- 
laaosidase marking system described here 
could be used for lineage analyses in a wide 
variety of tissues in different organisms. The 
reporter was normally silent, spontaneously 
activated at very low frequencies, and was 
efficiendy activated by FLP. The gain of 
function was heritable and easily deteaed 
with a simple histochemical assay. In trans- ^ 
genie mice, the lineages marked by recom- 
bination would be daermined by the pro- 
moters used to drive FLP expression. These 
could include promoters that were only 
transicndy active at a developmental state 
that substantially preceded overt differenti- 
ation. Because transcription of the p-galac- 
tosidase construa would be controlled by an 
mdependent set of cis-acting sequences, re- 
combined reporter genes could be expressed 
at later de\'elopmental stages, after differen- 
tiation had occurred. By this means it would 
be possible to construa a fate map for 
mammalian development that correlated 
embryonic patterns of gene expression with 
the organization of mature tissues. 
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Multiple Representations of Pain in 
Human Cerebral Cortex 



Jeanne D. Talbot, Sean Marrett, Alan C. Evans, Ernst Meyer, 
M. Catherine Bushnell, Gary H. Duncan^ 

ITic representation of pain in the cerebral cortex is less well understood than that of 
any other sensory system. However, with the use of magnetic resonance ims^jng and 
positron enussion tomography in humans, it has now been demonstrated that painful 
heat causes significant activation of the contralateral anterior cingulate, secondar}* 
somatosensory, and primary somatosensory cortices. This contrasts with the predom- 
inant activation of priman' somatosensory cortex caused by vibrotactile stimuli in 
similar experiments. Fiirthermore, the unilateral cingulate activation indicates that this 
forebrain area, thought to regulate emotions, contains an imcxpeaedly specific 
representation of pain. 



that the functional significance of parietal 
nociceptors is still in question. 

Frontal cortex has also been implicated in 
pain processing. In cat and in humans, nox- 
ious electrical stimuli induce an increase in 
cerebral blood flow to the frontal lobes (7). 
In rat there arc neurons in the prefrontal 
cortex that respond to noxious skin stimula- 
tion (8), In addition, in patients rescaion of 
the anterior cingulate cortex can reduce the 
distress associated with chronic intractable 
pain {9). Nevertheless, the unreliable nature 
of this surgical procedure in relieving pain 
{10) and the absence of precise anatomical 
data from humans, uncompromised by dis- 
ease or lesions, underscore our lack of 
knowledge concerning the normal function 
of specific cortical regions in pain process- 
ing. 

We ha\'e nou' in\'estigated the involve- 
ment of specific cortical areas in the percep- 
tion of pain in awake, healthy, human vol- 
unteers. To functionally isolate the 
perception of pain from all other sensor^' 
and behavioral variables, we used subtrac- 
tive positron emission tomography (PET). 
This technique can idcnrif)' subtle differ- 
ences in the activation of specific brain sites 
relati\'e to sensor)^ and c\'aluative processes 
(n, 12). In addition, wc have applied meth- 
ods {13, 14) that combine into stereotaxic 
images the functional information derived 
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DESPITE THE POWERFUL NATURE OF 
pain as a sensation, there is litdc 
consensus regarding the involve- 
ment of the cerebral cortex in pain process- 
ing. Early this centur}', Head and Holmes 
(1) obsen'cd individuals with war injuries 
and concluded that the cerebral cortex 
played only a minimal role in pain percep- 
tion. Penfield and Boldrq' (2) reached a 
similar conclusion when they found that 
patients rarely reported a sensation of pain 
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on electrical stimulation of their exposed 
cerebral cortex during surger}' to remove 
epileptic seizure foci. Thus, a commonly 
held view in clinical ncurologv* is that "stim- 
ulation of . . . any . . . cortical areas in a 
normal, alert human being docs not produce 
pain" (J). 

Other data indicate that se\'eral areas of 
the cerebral cortex may process nociceptive 
information. Some patients with epileptic 
foci involving the primary' or secondar)' so- 
matosenson' areas of the parietal lobe (SI 
and SII, respcaivcly) experience pain during 
seizures {4), In addition, lesions of these 
areas in humans can sometimes lead to re- 
duced pain perception (5). Single neurons in 
both SI and SII of the parietal cortex of 
awake monkey respond to nociceptive stim- 
uli (6); however, these findings are so rare 
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Fig. 1. (A) The perceived intcnsit>' of the thermal 
stimuli. Intcnsit)' ratings (mean ± SD) given by 
the eight subjects immediately after the PET scans 
in which the thermal stimuli were 41* to 42'X: 
(Warm) or 47* to 49°C (Heat Pain). The ratings 
were different between the two conditions (paired 
/ test, t = 12.7, P <0.0001). (B) Mean pulse rate 
(±SD) of the eight subjects during 2-min epochs 
before, during, and after the tcmiination of the 
PET scans during the Warm (O) and Heat Pain 
( ) conditions. A repeated-measures multivariate 
anal)'sis of variance revealed no significant 
changes in pulse rate over time [F{2) = 0.05, P - 
0.95] nor bct^^'ecn the Warni and Heat Pain 
conditions [F(I) = 0.73, P = 0.38]. " ' ' 
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